Because of the high demand of mitochondrial respiration during insulin secretion, pancreatic β-cells consume large amounts of oxygen in a short time period. We examined the effect of insulin secretion on cellular oxygen tension in vitro. We confirmed that western blotting of pimonidazole adduct was more sensitive than immunostaining for detection of cellular hypoxia in vitro and in vivo. The islets of the diabetic mice but not those of normal mice were hypoxic especially when high dose of glucose was loaded. In MIN6 cells, a pancreatic β-cell line, pimonidazole adduct formation and stabilization of HIF-1α (hypoxia inducible factor-1α) were detected under mildly hypoxic conditions. Inhibition of respiration rescued the cells from becoming hypoxic. Glucose stimulation decreased cellular oxygen levels in parallel with increased insulin secretion and mitochondrial respiration. The cellular hypoxia by glucose stimulation was also observed in the isolated islets from mice. The MIN6 cells overexpressing HIF-1α were resistant to becoming hypoxic after glucose stimulation.
transcription factor, which regulates gene expression under hypoxic conditions (5) . HIF-1α protein is constitutively synthesized but degraded under normoxic conditions by the ubiquitin/proteasome system, while it is stabilized under hypoxic conditions because of the requirement for molecular oxygen in the degradation machinery. Once stabilized, HIF-1α binds to HIF-1β to form heterodimers, and acts as a transcription factor. Thus, expression levels of HIF-1α are sensitive to intracellular oxygen levels. Inhibition of mitochondrial oxygen consumption increases intracellular oxygen levels, and consequently HIF degradation is maintained even under extracellular hypoxic conditions (3) . In addition, Doege et al. showed that at an intermediate oxygen concentration (3% O 2 ), the formation of pimonidazole adduct can be detected (4) , although pimonidazole is supposed to form adducts with cellular macromolecules only under severely hypoxic conditions (6) . The presence of pimonidazole adducts was diminished by inhibition of mitochondrial respiration (4) .
Under conditions of high oxygen demand, cells can become hypoxic due to high oxygen consumption (7) (8) (9) . For example, neurosecretory cells require high mitochondrial activity, mostly due to the requirement of ATP to re-establish the resting membrane potential and to maintain intracellular Ca 2+ equilibrium by ion pumps (7) . In working skeletal muscle cells (8) , in which increased cellular ATP demand is facilitated by mitochondrial biogenesis, elevated oxygen demand stimulates the expression of a cohort of hypoxia inducible genes (9) . The insulin secretion from pancreatic β-cells is critical for the homeostasis of systemic glucose metabolism. How glucose triggers insulin release from pancreatic β-cell has been intensively studied (10) (11) (12) . Glucose is metabolized in the cytoplasm via the glycolytic pathway to pyruvate which is rapidly degraded in the mitochondrion to produce ATP by oxidative phosphorylation. A rise in the cytoplasmic ATP/ADP ratio triggers the closure of the ATP-sensitive potassium (K ATP ) channels, which leads to depolarization of the plasma membrane and the opening of voltage-sensitive Ca 2+ channels. Consequently, Ca 2+ influx into a cell triggers Ca 2+ dependent exocytosis, resulting in insulin release from β-cells. Thus, β-cells require large amounts of oxygen to produce ATP for the insulin secretion process. Insulin secretion and mitochondrial functions are tightly linked, as insulin secretion was impaired in patients with mitochondrial DNA mutations as well as in the cells in which mitochondrial DNA was artificially removed (13) . We undertook a series of studies to examine the effect of insulin secretion on cellular oxygen tension.
Considering the formation of pimonidazole adducts, and also the elevated expression levels of HIF-1 proteins, -cells can be hypoxic after high glucose loads due to high oxygen consumption under mildly hypoxic or at physiological oxygen tension. Response to the cellular hypoxia might play a role in -cell function.
Experimental Procedures
Reagents-Antimycin A, rotenone, carbonyl cyanide 3-chlorophenylhydrazone (CCCP), and bovine serum albumin (BSA) were purchased from Sigma-Aldrich (St Louis, MO).
Cells and cell culture-The mouse insulinoma cell line, MIN6, was a gift from Dr J. Miyazaki (Osaka Univ.) (14) . MIN6 cells were cultured in the Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA) containing 450 mg/dl glucose, 10% fetal bovine serum, penicillin and streptomycin, 50 μM β-mercaptoethanol, at 37 °C under 5% CO 2 , 95% air conditions. A human pancreatic cancer cell line, PANC-1, was obtained from ATCC. PANC-1 cells were cultured in DMEM, containing 450 mg/dl glucose, 10% fetal bovine serum, penicillin and streptomycin. Hypoxic culture was performed in a Multigas Incubator (ASTEC, Fukuoka, Japan), or Invivo 2 400 (Ruskinn, Leeds, UK). Anoxia (0% O 2 ) was achieved by the AnaeroPack system (Mitsubishi Gas Chemical, Tokyo, Japan).
Measurement of oxygen consumption-MIN6 cells were trypsinized to prepare single cells, and pre-incubated with Krebs-Ringer-bicarbonate HEPES (KRBH) buffer containing 4 mg/dl glucose for 1 h. The cells, 5×10 6 cells, and the medium were added to a small closed chamber, and incubated at 37 °C for 30 min. Oxygen tension was measured using a Clark-type oxygen electrode system (Model 203, Instech Laboratories, Plymouth Meeting, PA). After injection of 400 mg/dl glucose, MIN6 cells were incubated for 30 min. The oxygen tension was constantly recorded before and after glucose stimulation. Oxygen consumption was calculated as previously described (15) .
Measurement of insulin concentration-Insulin secretion into the culture medium from MIN6 cells was measured by Mesacup Insulin ELISA (MBL, Nagoya, Japan), according to the manufacturer's protocol. The details are in supplementary information.
Immunocytochemistry-Immunocytochemistry was performed as previously described (16) . The details are described in supplementary information. The fluorescein isothiocyanate (FITC)-labeled Hypoxyprobe-1 monoclonal antibody (mAb1) (NPI, Belmont, MA) was used.
Flow cytometric analysis-The cells were treated with pimonidazole same as the immunocytochemistry. The cells were dispersed with trypsin/EDTA for 15 min at 37 C. Cells were washed with Phosphate Buffered Saline (PBS) once, fixed with 2% formalin over night, and washed in PBS twice. The cells were permeabilized with 0.5% Triton/0.5% BSA in PBS for 10 min at room temperature. The cells were then incubated with the Hypoxyprobe-1, mAb1 (1:1000 in 0.5% BSA in PBS) in the dark for 30 min, washed once, passed through 40 μm filter, and subjected to flow cytometric analysis. Stained cells were analyzed using a FACS Caliber apparatus (Becton-Dickinson, San Jose, CA, USA) with FlowJo software (Tomy Digital Biology, Tokyo, Japan). The data were reported as percentage of maximum (% of Max), which is the number of cells in each bin divided by the number of cells in the bin that contains the largest number of cells.
Western blotting analysis-Western blotting analysis was done as previously described (17) . (See supplementary information). The primary antibody against HIF-1α (NB100-105, NB100-479) was purchased from Novus Biologicals (Littleton, CO), HIF-1(clone 54) from BD, β-actin (A5060) from Sigma, HIF-1β (clone 29) from BD, and pimonidazole (Hypoxyprobe-1 Mab1) from NPI, (Belmont, MA).
Plasmids-The construction of pMX-HIF-1α CA5 is described in supplementary information. Retroviral transfection was carried out as described previously (18) . After selection with puromycin for 1 week, the cells were subjected to further experiments.
Animal studies-The animal studies were approved by the animal care committee of Osaka Medical Center for Cancer and Cardiovascular Diseases. C57BL6/J mice and leptin-deficient (ob/ob) male mice were purchased from Charles River Laboratories Japan Inc (Yokohama, Japan). KK-Ay female mice were from Japan CREA (Tokyo, Japan). Mice were maintained on a 12-hour light/12-hour dark cycle with free access to water and normal chow and housed in specific pathogen-free barrier facilities. To detect tissue hypoxia, pimonidazole (60 mg/kg body weight) was intraperitoneally injected to the mice fed ad lib. At the same time, glucose (2 g/kg body weight) or saline was intraperitoneally injected to both control and diabetes mice. After 2 h, the islets were isolated as described below, lysed, and subjected to further analysis. Pimonidazole adduct formation was evaluated by western blotting. The image of the western blotting film was captured by an image scanner, GT-9300UF (EPSON, Tokyo, Japan), and the intensity of the bands from 50 to 150 KDa was measured using Photoshop (Adobe System Inc., San Jose, CA). Pimonidazole/HIF-1ratio was calculated to standardize the protein loading. The lysate of the MIN6 cells cultured at 15% oxygen tension for 3 h was included in each experiment and used as an internal control for standerlization.
Pancreatic islet isolation studies-Pancreatic islets of Langerhans were isolated by collagenase digestion as previously described (19) . The isolated islets were cultured overnight in RPMI1640 (Invitrogen, Carlsbad, CA) medium containing 200 mg/dl glucose, 10% fetal bovine serum, 10 mM HEPES, 1 mM sodium pyruvate, penicillin and streptomycin, at 37 °C under 5% CO2, 95% air. All islets were preincubated in KRBH buffer containing 40 mg/dl glucose for 30 min and divided into 2 groups. One group was maintained in KRBH buffer containing 40 mg/dl glucose and pimonidazole (10 μM) for 2 h, and the other was stimulated in KRBH buffer containing 400 mg/dl glucose and pimonidazole for 2 h. For immunocytochemistry, islets were embedded in collagen gel using Cell Matrix Type 1A (Nitta Gelatin, Osaka, Japan) and fixed with formalin for paraffin sections. The isolated islets were divided into three groups by their diameters: small (<50m), intermediate (50-100m), and large (>100m). The pimonidazole staining patterns were divided into three groups: positive staining, where islets were stained over all by pimonidazole; central staining, where central region, occupying less than 50 % of total area, was stained by pimonidazole; negative staining, where no pimonidazole staining was observed. These samples were also subjected to western blotting.
Statistical analysis-Statistical analysis was performed with GraphPad Prism 4 (GraphPad Software, La Jolla, CA). The statistical significance of the results was tested with the unpaired t test. A value of P<0.05 was considered to be statistically significant.
RESULTS

Pimonidazole adduct was detected under mildly hypoxic conditions in MIN6 cells.
Since it is difficult to measure accurate oxygen tension inside a living cell with current technology, we estimated oxygen tension within a cell by pimonidazole staining, which has been widely used to detect cellular and tissue hypoxia (4, 20) . Although pimonidazole forms adducts with intracellular biomolecules only in severe hypoxia, it can also detect the decrease of cellular oxygen tension when the cells were cultured under moderately hypoxic conditions (4) .
As pancreatic islet and β-cell lines are known to consume substantial amounts of oxygen when the cells secrete insulin in response to glucose stimulation (21) (22) (23) , the cultured β-cell line would also show severe cellular hypoxia under moderately hypoxic culture conditions upon the secretion of insulin.
We examined the pimonidazole staining pattern in MIN6 cells in comparison with non-endocrine cancer cells, PANC-1, by immunocytochemistry (Fig. 1a) . We detected pimonidazole staining in PANC-1 cells only under anoxic conditions, but not at 3% oxygen tension. In striking contrast, MIN6 cells showed positive pimonidazole staining even at 7% oxygen tension. Intensity of the staining was higher in MIN6 cells than in PANC-1 cells at each oxygen tension examined below 7%. Furthermore, pimonidazole staining was examined by flow cytometry (Fig.  1b) . Consistent with the observations by immunocytochemistry, the fluorescence was inversely correlated with the oxygen tension. The shift of the peak was observed at 7% oxygen tension in MIN6 cells.
We next examined the protein levels of HIF-1α (Fig. 1c) . In several cell lines, HIF-1α levels were stabilized at oxygen tensions below 5% (24, 25) . Indeed, in PANC-1 cells, HIF-1α was detected at oxygen tensions below 5% but only weakly in cells exposed to 7% oxygen tension (Fig. 1c) . In striking contrast, in MIN6 cells, HIF-1α was detected even at 10% oxygen tension, while no change was observed in HIF-1β levels (Fig. 1c) . The increased mRNA levels of HIF-1α target genes, including BNIP3, PGK1, PDK1 and LDH-A, that occurred even at 7% oxygen tension, indicate that HIF-1α was transcriptionally active under conditions of mild hypoxia ( Supplementary  Fig. 1a ). HIF-1α is known to be stabilized by factors other than hypoxia, such as the presence of reactive oxygen species (ROS) (26, 27) . To assess the role of ROS in HIF-1α protein levels in MIN6 cells under mildly hypoxic conditions, the cells were treated with antioxidants, such as N-acetyl L-cysteine (NAC) or Trolox ( Supplementary Fig.  1b ). Since HIF-1α levels did not change after treatment with these antioxidants, contributions of ROS were subtle if any. These results also confirmed that MIN6 cells become hypoxic more easily than PANC-1 cells.
Western blotting was useful for detecting pimonidazole adduct in vitro and in vivo Next, pimonidazole adduct formation was assessed by western blotting. When lysate of MIN6 cells in Fig.1(a) were subjected to western blotting, multiple bands were detected in consistent with the nature of pimonidazole, which non-specifically forms adduct with molecules in the cells (Fig. 2a) . As observed in Fig 1, the intensity of western blotting was inversely correlated with the oxygen tension. The intensity of the bands was higher in MIN6 cells than in PANC-1 cells at each oxygen tension examined. It should be noted that western blotting was more sensitive than immunocytochemistry, as the bands were detectable at higher oxygen tension. As the islets in diabetes mice were suggested to be hypoxic (28), we applied western blotting to the islets in vivo to detect pimonidazole adduct formation ( Fig. 2b-e) . The pimonidazole adduct in the islets was remarkably increased in two different model mice of diabetes: KK-Ay (Fig. 2b ) and ob/ob (Fig. 2d ) compared with respective C57BL/6 control mice matched in age and sex. Quantification analysis revealed that the increase of adduct formation was statistically significant in KK-Ay (Fig. 2c ) and ob/ob (Fig. 2e) , whether glucose was loaded or not. Immunohistochemical analysis failed to detect pimonidazole adduct in not only pancreatic islet cells but also in other type of cells including CD31+ blood vessels (supplementary Fig. 2 ). Blood glucose concentrations of diabetic mice were higher than control mice (supplementary Fig. 3a) . As high levels of blood glucose per se might affect the pimonidazole adduct formation in the islets, non diabetic control mice were injected with glucose at 4 g/kg. Although blood glucose levels at 30 min after the glucose load increased more than 600 mg/dl, we did not observe the difference in pimonidazole adduct formation between saline and glucose loaded mice (supplementary Fig. 3b,  3c ), suggesting that pimonidazole adduct formation in islets is not accelerated solely by blood glucose levels.
As mitochondrial respiration increased, MIN6 cells became hypoxic. To examine the contributions of mitochondrial respiration on the generation of cellular hypoxia, we applied inhibitors of the respiratory chain, such as rotenone (an inhibitor of complex I) and antimycin A (an inhibitor of complex III). Decreased oxygen consumption was confirmed in the cells treated with either of the inhibitors (Fig.  3a) . The pimonidazole adduct in MIN6 cells at 3% oxygen tension was remarkably decreased by the inhibitor treatments (Fig. 3b, Supplemenary  Fig.4a ). In addition, HIF-1α protein levels were strongly suppressed with rotenone, and partially so with antimycin A (Fig. 3c) . The different potencies of the inhibitors in suppressing HIF-1α expression were consistent with previously reports (25) . On the other hand, the uncouplers such as FCCP and CCCP have been reported to stimulate oxygen consumption through facilitating the proton influx into the mitochondrial matrix, bypassing ATP synthetase (29) , which was confirmed in MIN6 cells (Fig. 3a) . At 7% oxygen tension, where immunocytological staining of the pimonidazole adduct was barely detectable, the staining became detectable after treatment with CCCP (Fig. 3d) . By flow cytometric analysis, a stronger signal was observed in CCCP-treated cells than the non-treated cells under 7% oxygen ( Supplemantary Fig. 4b ). These results indicate that cellular hypoxia of MIN6 cells can be generated by intracellular oxygen consumption by mitochondrial respiration.
MIN6 cells became more hypoxic by glucose stimulation. MIN6 cells consume oxygen when the cells secrete insulin in response to glucose stimulation (21) . Mitochondrial oxidative phosphorylation is stimulated to fulfill the demand of ATP that is necessary for β-cell function (10) . When MIN6 cells were exposed to elevated levels of glucose (400 mg/dl), insulin secretion increased 7-fold over the values obtained with 40 mg/dl glucose (Fig. 4a) . We examined the change in oxygen consumption as a function of the glucose concentration of the medium. The oxygen consumption was higher when cells were cultured with higher concentrations of glucose (Fig. 4b) . Furthermore, pimonidazole adduct formation was stronger at high glucose concentration than low concentration at 5% oxygen tension (Fig. 4c) . Higher glucose concentrations yielded higher intensity of HIF-1α band at 10% oxygen tension (Fig. 4d) . Taken together, our data indicate that glucose-stimulated insulin secretion drove MIN6 cells into hypoxia.
Mouse isolated islets became more hypoxic by glucose stimulation. As the behavior of MIN6 cells are known not to perfectly mimic primary β-cell physiology (30), we examined the islets isolated from mice and cultured in vitro. First, the islets were subjected to immunohistochemistry for detection of pimonidazole. In the islets cultured under normoxic conditions, more pimonidazole positive islets were observed in samples stimulated by high glucose than in those cultured in low glucose medium, not depending on the size of the islets (Fig. 5a, b) . Pimonidazole staining was rather homogenous in the high glucose-stimulated islets compared with that in the relatively large islets in which pimonidazole staining was observed only in the core region, central staining (Fig. 5a, supplementary Fig.5a, b) . Furthermore, western blotting revealed that pimonidazole adduct was observed in the isolated islets stimulated by high glucose under normoxic conditions (Fig.5c) . When the islets were cultured under moderately hypoxic conditions, pimonidazole adduct was observed even in the islets in low glucose medium, and more adduct was evident in the islets stimulated by high glucose levels. The expression levels of HIF-1α protein under the same conditions as in Fig. 5c dramatically increased by treatment of high glucose, while HIF-1β expression was slightly increased (Fig.5d) . Thus, isolated islets became hypoxic when they were stimulated by high glucose.
HIF-1α suppressed insulin secretion and cellular hypoxia concurrently. Our observations that HIF-1α was induced in mild hypoxia in MIN6 cells prompted us to investigate the functional role of HIF-1α in the cellular hypoxia of MIN6 cells. We introduced the constitutively active form of HIF-1α, HIF-1α CA, into the MIN6 cells. HIF-1α CA proteins were confirmed to be expressed in HIF-1α CA cells even under normoxic conditions (Fig. 6a) . In HIF-1α CA cells, the expression of GLUT-1, one of the HIF-1α target genes was upregulated ( Supplementary Fig. 3 ). Insulin secretion after glucose stimulation was impaired in HIF-1α CA cells (Fig. 6b) , an outcome consistent with previous reports (28, 31, 32) . Oxygen consumption was decreased in HIF-1α CA cells (Fig. 6c) , and pimonidazole adduct formation under mildly hypoxic conditions was reduced in HIF-1α CA cells compared with control cells (Fig. 6d) , which are consistent with the previous report using mouse embryonic fibroblasts (33) . Thus, high levels of HIF-1α suppress insulin secretion, and oxygen consumption, avoiding decrease of the cellular oxygen levels in the insulin secreting cells.
DISCUSSION
Pimonidazole is a derivative of 2-nitroimidazole, which forms adducts with intracellular macromolecules only at low oxygen tension (6) . Nitroreductases within the cells transfer electrons to the parent compound and generate the nitro radical anion. Oxygen reoxidizes the nitro radical anion, thereby blocking further reduction of the parent compound.
In the absence of oxygen, the nitro radical anion is further reduced, and binds to -SH-containing molecules. The drawback of pimonidazole as a hypoxic marker is that it detects only severe hypoxia. Adduct Formation of misonidazole, another 2-nitroimidazole derivative, steeply increases below partial oxygen pressure 10 mmHg (34) .
On the other hand, the advantage of the pimonidazole detection is that it forms irreversible adducts under severely hypoxic conditions, so that the adduct formation serves as a record of the lowest oxygen tension to which cells have been exposed. The metabolic change following insulin secretion is transient and happens over a short time. The nature of irreversible adduct formation of pimonidazole is suitable to detect transient hypoxic events.
Formation of pimonidazole adduct is accelerated in reduced status. Thus, high levels of NADPH or glutathione might affect the adduct formation. As glucose stimulation reportedly results in increase of NADPH/NADP+ ratio under normoxic conditions in islet -cells (35) , pimonidazole adduct formation is promoted not only by low oxygen tension but also possibly by increase of NADPH/NADP+ ratio. Arteel et al. reported that under hypoxic conditions, pimonidazole adduct formation mainly depends on oxygen tension rather than redox status (36) . In addition, we did not observe increase of pimonidazole adduct formation in normoxic MIN6 cells by glucose stimulation (Fig.4c) . Therefore, change of redox status by glucose stimulation might not be enough to increase pimonidazole adduct formation to the levels of our detection system. Thus, pimonidazole adduct formation is likely to reflect low oxygen tension in our experimental settings.
We demonstrated here that the pancreatic islet cells in two types of mouse diabetes model were hypoxic using western blotting analysis. We failed to detect the signal by immunohistochemistry, indicating that western blotting is more sensitive than immunostaining in vivo. It was previously suggested that the islet cells may be exposed to hypoxia in the progression of diabetes (28) . Indeed, the hypoxia related-genes including HIF1, VEGF-A, PAI-1 and LDH-A are upregulated in pre-diabetic ZDF rat islets (37) . The mechanism underlying islet cell hypoxia in the diabetes mice is not clear. Impairment of micro-circulation and consequent decrease of blood supply might be a cause of islet hypoxia in these mice. Alternatively, as shown in vitro in this study, increased oxygen consumption by glucose stimulation is another possible cause. Further studies are needed to elucidate the mechanism.
There are two possibilities through which intracellular oxygen tension is decreased by acute oxygen consumption. One possibility is that intracellular hypoxia occurs secondary to pericellular hypoxia. Alternatively, intracellular hypoxia can occur despite the existence of adequate extracellular oxygen tension. Oxygen does not freely pass through the cellular membrane, as oxygen diffusion is limited by the lipid bilayer (38) . A water channel, aquaporin, is reportedly a gate for oxygen to enter into a cell (39) . Therefore, cellular hypoxia can occur in those cells which consume large amounts of oxygen in a short period of time. These two possibilities are not mutually exclusive, and can occur at the same time. It should be noted that the physiological oxygen tension of the normal tissue is between 24-66 mm Hg (3.3-9.2%) (6), which is often termed "moderately hypoxic" when the cells are cultured in vitro.
The islets of non diabetic mice in vivo did not accumulate the pimonidazole adduct even after challenge of high glucose (Fig.2, Supplementary  Fig. 3 ). In contrast, the isolated islets easily accumulated pimonidazole adduct when stimulated by high glucose (Fig. 5) . Some protective mechanisms must exist to circumvent crisis in vivo, which might be impaired in the diabetic mice. The increase of blood flow by increased blood glucose levels can be a protective mechanism in vivo (40) . High oxygen consumption due to the aerobic glucose metabolism of the isolated islets (41) might make the cellular hypoxia evident in the absence of the compensation mechanism.
The mice with the HIF-1α or HIF-1β deletion in β-cells showed impairment of glucose tolerance, not by the decrease of islet mass but by impaired insulin secretion of β-cells (42, 43) . Lack of a hypoxia response mechanism might damage the islet cells over an extended time period. In MIN6 cells, we observed that basal as well as glucose stimulated insulin secretion was intact under normoxic conditions when HIF-1α gene expression was suppressed (unpublished data, Y.S. and M.I.), an observation that supports the previous reports that the mice with HIF-1α deletion in β-cells do not show any defect in glucose homeostasis (28, 31) .
Our data demonstrate that high glucose is a trigger of cellular hypoxia of pancreatic -cells in vitro. In developing type 2 diabetes, blood glucose levels are elevated because of the peripheral glucose intolerance. In such a condition, the demand of the insulin secretion increases, and then the consequent increase of oxygen consumption might contribute to the β-cell hypoxia. Induced HIF-1α by hypoxia might reduce insulin secretion, therefore suppressing the metabolic demand. Consequently, decreased oxygen consumption would offset severe cellular hypoxia in β-cells. It requires further investigation to clarify whether islet hypoxia plays a role in deterioration of β-cell function in diabetes.
The finding here might also be applicable to islet transplantation. Preparing the intact islet from donors is one of the most important factors for the success of islet transplantation. During the process of islet isolation from donors and engraftment to recipients, hypoxia is a major cause of islet cell damage during these intervals (44) . Transiently reducing insulin secretion and consequent oxygen consumption might be beneficial for oxygenizing the core hypoxic region of islets. Plasmid construction-pMX-HIF-1α CA5 was generated as follows. HIF-1α CA was amplyfied by polymerase chain reaction (PCR), using pCMX-3xFLAG-CA(HIF-1α) (1) as a template, and then inserted into pMXs-puro (2). Missense mutations (Pro567Thr and Pro658Gln) were introduced by PCR during construction of pMX-HIF-1α CA5. All the sequence amplified by PCR was verified by sequencing the double-stranded DNA.
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